Introduction
The laser ablation-ICP-mass spectrometric technique (LA-ICPMS) is now widely accepted as one of the most sensitive analytical tools for the elemental and isotopic analyses of solid materials. [1] [2] [3] [4] [5] Both improvements in the elemental sensitivity of the ICP-MS technique and a better understanding of the laserablation process have provided more precise elemental and isotopic data.
However, a serious level of elemental fractionation, which can be a large source of analytical error, occurs during laser ablation. The size distribution of the sample aerosol is a critical parameter for the complete evaporation, atomization or ionization of the analytes; ablated particles larger than 150 nm for glass samples 6 and 400 nm for metals 7 are not completely vaporized and ionized in the ICP. The particle size distribution is a function of various parameters such as, the laser wavelength, [8] [9] [10] [11] laser irradiance, 12, 13 laser pulse length, 13, 14 depth of the crater, cell geometry [15] [16] [17] or the type of carrier gas. 10, 18 For brass and glass materials, it is recognized that the total elemental composition of all transported particles represents the bulk composition of the solid sample, whereas individual particles possess a different elemental composition (deviating from the bulk composition). 6, 19, 20 Non-uniform gas flow in the large volume of an ablation cell can also cause an unstable signal intensity profile, 9, 16 which indicates that the preferential introduction of a certain size of sample aerosol can cause elemental fractionation. Moreover, large-sized particles can pass through the ICP into the sampling orifice without being totally vaporized. 21, 22 This is particularly serious when metallic samples, such as Cu, Zn or Fe are analyzed. 13, 15, [23] [24] [25] We have demonstrated size differences of ablated particles by means of a high-speed camera device. 26 The size of particles ablated from the glass sample was smaller than 1 μm, whereas the size of sample particles released from the Si-wafer was larger than 1 μm. The difference in the size distribution of laser-induced aerosol can be explained by the difference in the thermal conductivity (120 W m -1 K -1 for Si, and 1 W m -1 K -1 for glass), 27 or by difference of the thermal diffusion rate within these materials. The rate of thermal diffusion within metallic or semiconductor samples (e.g., Si wafer) occurs in the order of a pico-second (ps), which is much faster than thermal diffusion within non-metallic samples. [28] [29] [30] In most cases, the typical pulse length of the laser emission is ∼10 nano-seconds (ns), which is much longer than the time that a metallic sample requires for cooling through thermal diffusion. Fast thermal diffusion results in a loss of laser energy, and the sample can not be evaporated effectively. As a result, large-sized metal droplets are blown off from the sample surface by means of a laser-induced shockwave. The release of large-size particles can be a main source of signal spikes obtained in the ICP-MS. 23 A new approach to minimize the production of large-size particles is the application of femto-second (fs) lasers. [31] [32] [33] [34] Particle size-related elemental fractionation can be significantly An on-line low gas pressure cell device has been developed for elemental analysis using laser ablation-ICP-mass spectrometry (LA-ICPMS). Ambient gas in the sample cell was evacuated by a constant-flow diaphragm pump, and the pressure of the sample cell was controlled by changing the flow rate of He-inlet gas. The degree of sample re-deposition around the ablation pit could be reduced when the pressure of the ambient gas was lower than 50 kPa. Produced sample aerosol was drawn and taken from the outlet of the diaphragm pump, and directly introduced into the ICP ion source. The flow rate of He gas controls not only the gas pressure in the sample cell, but also the transport efficiency of the sample particles from the cell to the ICP, and the gas flow rate must be optimized to maximize the signal intensity of the analytes. The flow rates of the He carrier and Ar makeup gas were tuned to maximize the signal intensity of the analytes, and in the case of 238 U from the NIST SRM610 glass material, the signal intensity could be maximized with gas flow rates of 0.4 L/min for He and 1.2 L/min for Ar. The resulting gas pressure in the cell was 30 -35 kPa. Using the low gas pressure cell device, the stability in the signal intensities and the resulting precision in isotopic ratio measurements were evaluated. The signal intensity profile of 63 Cu obtained by laser ablation from a metallic sample (NIST SRM976) demonstrated that typical spikes in the transient signal, which can become a large source of analytical error, were no longer found. The resulting precision in the 65 Cu/ 63 Cu ratio measurements was 2 -3% (n = 10, 2SD), which was half of the level obtained by laser ablation under atmospheric pressure (6 -10%). The newly developed low-pressure cell device provides easier optimization of the operational conditions, together with smaller degrees of sample re-deposition and better stability in the signal intensity, even from a metallic sample. E-mail: hrt1@geo.titech.ac.jp reduced by fs-lasers. However, despite the obvious success in achieving better analytical precision and reliability of the results, reduction of the plasma loading effect (matrix effect) appears to be the most crucial point for further improvement of the data quality achieved with fs-lasers. Another approach to reduce the size distribution of sample particles is to employ laser ablation under low pressure. The effect of the gas pressure in the sample cell onto the data was well studied in laserinduced breakdown spectroscopy (LIBS) and enhancement of the signal intensity could be achieved by laser ablation under low-pressure conditions. 35 The gain in the signal intensity in LIBS is basically explained by better plasma expansion due to low local pressure, 36, 37 or by a shift toward a smaller particle size distribution of ablated particles. 23 Moreover, the level of sample re-deposition after ablation can be reduced by laser ablation under low gas-pressure conditions. 15 A reduction in the sample re-deposition can be explained by either a smaller contribution of the down force, originating from gas expansion above the ablation pit, or by a relatively higher release-angle of the sample particles from the ablation pit. 26 Both, the smaller size distribution and smaller level of re-deposition, result in a higher transport efficiency of the sample to the ICP. In LIBS there is no substantial restriction concerning the ambient gas pressure at the ablation point. However, in the case of the ICPMS technique, laser ablation under a low gas pressure can not be applied because the ICP ion source is operated under atmospheric pressure. To overcome this, Fliegel and Günther employed an off-line laser-ablation technique under low and high gas pressure conditions (2 -140 kPa). 38 The laser ablation was carried out under low (or high) gas pressure as a trapped mode in a closed cell; after ablation, the cell was opened and the produced aerosol was flushed into the ICP. At lower gas pressure, a smaller particle distribution was achieved, and the resulting elemental fractionation effect was successfully minimized. 38 However, as pointed out by the authors, despite the success in achieving better analytical capability, the resulting transmission efficiency (i.e., elemental sensitivity) was lower than that achieved by laser ablation under atmospheric pressure due to a high loss of ablated material within the ablation cell. In order to take full advantage of laser ablation under low gas pressure conditions, the development of a new sample cell, providing higher elemental sensitivity and a more user friendly instrumental setup, is strongly desired. The aim of this study is to design a low gas pressure laser-ablation cell for the LA-ICPMS technique. Hence, laser ablation was carried out under low gas pressure conditions, and the produced sample aerosol was directly introduced into the ICP. The advantage of the present technique is that on-line elemental and isotopic analyses can be made without any switching of the gas flow, obviating any risk of the loss of ablated sample material in the cell.
Experimental
Low pressure cell Figure 1 illustrates the instrumental setup for laser ablation under low gas pressure conditions. All experiments were carried out using an in-house designed flushing cell, which produces a laminar He flow above the ablation spot. 16 The sample cell was evacuated by a constant-flow diaphragm pump (KNF Lab., Laboport N86KN.18, Germany). The maximum gas delivery is 6 L/min (air) at atmospheric pressure, and the ultimate vacuum is 10 kPa (air). The pressure in the ablation cell was measured separately by a Bourdon gauge (Oerlikon Leybold Vacuum Ltd., Bourdonvac A, pressure range from 1 to 1020 mbar). The pressure in the cell was reduced when the gas flow rate of introduced He was smaller than the evacuation rate of the pump (Fig. 2) . In the present system setup, since the pumping rate was not adjustable, pressure in the cell was controlled by changing the flow rate of introduced He gas. The resulting cell pressure was negatively correlated with He flow rates, and the lowest pressure (27 kPa) could be obtained when the He gas flow rate was set to 0 L/min. A slightly higher ultimate pressure was mainly the result of a lower gas delivery of the diaphragm pump when pumping low-viscosity gases, like He. The present cell design allows the adjustment of a pressure in the ablation cell between 27 kPa at a He flow rate of 0 L/min and 60 kPa at a He flow rate of 1.4 L/min (Fig. 2) . A lower gas pressure results in a reduction of the sample re-deposition. 26 Figure 3 demonstrates the comparison of degree of sample deposition around the ablation pit. At atmospheric pressure, large amounts of sample deposition can be found ( Fig. 3(a) ) while laser ablation under the low gas pressure (45 kPa) results in limited deposition ( Fig. 3(b) ). However, it should be noted that without He carrier gas, the laser-induced sample aerosol could not be transported into the ICP, and therefore some gas flow is needed to achieve realtime signal monitoring by ICP-MS. Moreover, the laser-generated aerosol can be modified by shifting the original particle size distribution toward smaller particle sizes by optimizing the gas flow rate and pressure in the sample cell. 17 This indicates that optimization of the gas flow rates is very important to achieve higher elemental sensitivity in 1196 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 Fig. 1 System setup for the low gas pressure cell for elemental analysis using ICP-mass spectrometry. ICP-MS analysis.
The evacuated gas, vented from the diaphragm pump, was mixed with an Ar make-up gas, and then introduced into a baffled-type stabilizer, which can act as a particle filter. 39 The stabilizer device can also act as a suppressor of a pneumatic pulse of the carrier gas, originating from movement of the activator plate in the diaphragm pump. Outlet gas from the stabilizer device was directly introduced into the ICP and on-line laser ablation, including realtime monitoring of the signal intensity, was achieved.
It should be noted that great care must be taken to avoid breakage of the cover glass due to a pressure difference between inside and outside the cell. We are currently using a very thin (400 μm) quartz glass material as a cell window in order to minimize the energy loss of the laser due to absorption in the cover glass. In order to avoid breakage of the thin glass window, a solid supporting block made of acryl resin was inserted into the sample cell ( Fig. 1 ) and finally the quartz window remained intact, even at the lowest ultimate pressure (10 kPa).
Instrumentation
The laser-ablation system used in this study was a GeoLas 200CQ (MicroLas, Göttingen, Germany). An ArF excimer laser operating at a wavelength of 193 nm was used to ablate the sample. The ablation pit diameter was 30 μm, and the laser fluence was approximately 0.5 -4 J/cm 2 . He gas instead of Ar gas was used as the ablation gas, which improved the sample transport efficiency from the sample cell to the ICP. 8, 10 The ICPMS instrument was a Thermo Fisher Scientific (Wyman Street, Waltham, MA 02454, USA) VG PlasmaQuad 2 Omega. A combination of a cone-shaped extraction lens and chicane lens optic was employed to enhance the elemental sensitivity and to reduce the background intensity. 40 The operational settings, such as torch position, He and Ar gas flow rates, and lens biases, were tuned to maximize the signal intensity of the 238 U or 63 Cu signals obtained by the laser ablation of NIST SRM610 or NIST SRM976 sample materials. If not stated otherwise, signal intensity data were acquired by single hole drilling over 10 s using 40 shots at a 4 Hz repetition rate. Details of the instrumentation and operational settings are summarized in Table 1 .
Results and Discussion

Optimization of gas flow and gas pressure
The effect of different gas-flow rates of He and Ar on the signal intensity of 238 U obtained by the laser ablation of NIST SRM610 was investigated. The optimum He gas flow rate, providing the maximum signal intensity, was negatively correlated with the Ar flow rate (Fig. 4(a) ). Although the lowest ambient gas pressure could be achieved when the minimum He gas flow rate was employed, without He carrier gas flow, sample particles could not be transported to the ICP. This suggests that there should be an optimum gas-flow rate compensating the effect of gas pressure in the cell, and subsequently the transportation efficiency of sample aerosol. This is well illustrated by Fig. 4(b) . The resulting signal intensity of 238 U could be maximized when the He and Ar gas flow rates were set to 0.45 and 1.15 L/min, respectively. It should be noted that the laser fluence employed here was 1 J/cm 2 , which was almost an order of magnitude lower than that employed for the routine analysis; this resulted in a very low signal intensity of 238 U from the NIST SRM610 glass sample. In the case of metallic Cu (NIST SRM 976), the optimum gas 1197 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 flow rates were 0.8 L/min for He and 1.14 L/min for Ar. The difference in the optimum He and Ar gas flow rates for glass and metallic samples could reflect the difference in the filtration effect of the sample particles between glass and metallic materials through a stabiliser device. Moreover, the optimum He gas flow rate should be dependent upon the size of the diaphragm pump for evacuation, and thus the Ar and He gas flow rates must be carefully optimized to each sample materials. An important feature achieved by the present low-pressure cell is that the operational setting, including the gas-flow rates, can be optimized by monitoring a real-time signal intensity of the analytes, likely with the tuning procedure on the conventional solution nebulization technique or laser ablation with the atmospheric pressure cell. In order to evaluate the repeatability of the measurements, the signal intensity of 238 U in NIST SRM610 was obtained from ten separated ablation points. The resulting precision in the 238 U intensity was 2.8% (2SD, n = 10), which was slightly poorer than that obtained by the conventional ablation cell (1.8%, 2SD, n = 10). This can be attributed to the contribution of pneumatic pulsation of the carrier gas flow induced by the diaphragm pump. The contribution of the pneumatic pulsation could become more serious when the stabilizer device was not applied.
The resulting precision in the 238 U intensity measurements obtained without the stabilizer device was 5.9% (2SD, n = 10), demonstrating a difference in the stability of the signal intensity. This indicates that the stabilizer device also acts as an absorber of the pulsation in carrier gas flow.
Re-deposition around the ablation pit
Re-deposition of sample material around the ablation pit (crater halo) can cause elemental and isotopic fractionation. 15 We recently demonstrated that re-deposition of the sample material can be minimized when laser ablation was carried out under low-pressure conditions. Based on high-speed imaging, sample particles are released from the ablation pit at a very shallow angle (< 10 degree). The shallower release angle of the particles implies the presence of a downward force above the ablation pit. This downward-force can be generated by laserinduced gas expansion, or an increase of gas pressure due to evaporation of the sample components. 29, 41 A downward force above the ablation pit resulted in anisotropic release-angles of the sample particles, and could cause a re-deposition of large amounts of sample material around the ablation pit. In the case of laser ablation under atmospheric pressure, large amounts of sample vapor or droplets were re-deposited around the ablation pit. In contrast, under lower pressure conditions (20 kPa) the level of sample re-deposition could be successfully minimized. 26 This is also illustrated by the photographic images shown in Fig. 3 . The amount of sample re-deposition can be reduced by laser ablation under low gas-pressure conditions. These experiments support the view that thermal expansion plays a major role in determining the degree of sample re-deposition around the ablation pit.
Signal intensity profile
Lower gas pressure can lead to a shift toward smaller particle size distributions of ablated aerosol [36] [37] [38] and therefore it is natural to consider that stability of the signal intensity could be improved. To test this, signal intensity profiles were obtained from a metallic sample using the present low gas-pressure cell. For a comparison, intensity profiles obtained with the conventional sample cell were also recorded. Figure 5 Cu obtained with (a) laser ablation under atmospheric condition using a conventional cell, (b) laser ablation under low gas-pressure condition, and (c) laser ablation under low-gas pressure condition without stabilizer device.
contribution of correction for the detector deadtime to the total analytical uncertainty, spiky-signal traces can become a large source of analytical error. Even with a low laser energy fluence (< 1 J/cm 2 ), numerous signal spikes can be found in the measured intensity profile, suggesting the introduction of particles larger than the critical size into the ICP. 6, 7 It should be noted that the signal stabilizer device, which acts as a particle filter, was used with the present system. Even with the stabilizer device, signal spikes could not be fully removed, and the number of signal spikes increased with a higher laser pulse energy, and therefore we could not apply a laser fluence of higher than 1 J/cm 2 . The resulting signal intensity of 63 Cu obtained with the conventional sample cell was only at the 100 kcps level. In contrast, with the present low-pressure cell device, no signal spikes was found along the time profile of 63 Cu (Fig. 5(b) ). The He gas flow rate was 0.8 L/min, and the resulting gas pressure inside the cell was 45 kPa (Fig. 2) . Despite the very small difference in pressure, the stability of the signal-intensity profile can be dramatically improved. A numerical simulation suggested the dependence of the surface temperature or the evaporation depth on the ambient gas pressure was small with the laser ablation under 30 -60 kPa. 42 This discrepancy can be attributed to the difference in the time range of the phenomenon. A numerical simulation was focused on the very early stage of laser ablation (< 40 ns), and none on the condensation, phase transition or aggregation of sample particles at the following later stages of the plasma expansion was considered. Therefore, an estimation of the particle size distributions was very difficult.
Since no signal spikes can be observed, the laser fluence can be increased to obtain adequate levels of signal intensity of the analytes. In the case of the elemental analysis of metallic Cu, the laser energy fluence can be increased to 5 J/cm 2 and signal intensities of higher than 5 × 10 5 cps can easily be obtained. In order to evaluate the contribution of the pneumatic pulsation of the gas flow, the signal intensity profile of 63 Cu obtained without the stabilizer device was measured (Fig. 5(c) ). The stability of the signal intensity was greatly deteriorated, suggesting a contribution of the pneumatic pulsation of the carrier gas flow. It should be noted that signal spikes were no longer found, even without the stabilizer device. This suggests that the stabilizer device acted as an absorber of the pneumatic pulsation, rather than a particle filter.
In the case of a low gas-pressure cell, the resulting signal intensities achieved under identical ablation conditions (beam size, repetition rate and laser fluence) were only 55 -70% of those obtained with the conventional cell, suggesting that about 30 -50% of the ablated material may be lost in the cell, or following transportation stage. This level of sample loss (30 -50%) was much smaller than that obtained with the off-line low gas pressure cell. 38 In comparing two time profiles (Figs. 5(b) and (c)), there was no significant difference in the total ion counts of 63 Cu obtained with and without the stabiliser device, suggesting that laser-induced sample particles were not significantly trapped in the stabiliser device. This indicates that sample particles could be lost at the diaphragm pump. This suggests that the diaphragm pump can act as second particle filter. Nevertheless, the level of sample loss (30 -50%) achieved in this study was much smaller than that obtained with the off-line low gas pressure cell. 38 The higher transport efficiency achieved by the present technique could be attributed by continuous flow of the carrier gas, which can minimize the adsorption loss of the sample particles.
Isotope ratio analysis
In the present LA-ICPMS system utilizing the low gaspressure cell, the signal intensity could be stabilized significantly, and therefore it is natural to consider that the analytical precision and reliability of the isotopic ratio measurements can be improved. To test this, the 65 Cu/ 63 Cu ratio for metallic Cu (NIST SRM976) was measured by applying the present low gas-pressure cell. The metallic sample was mounted in resin, and the sample surface was polished by a fine diamond paste to remove any surface contamination. No correction for the mass-discrimination effect was made throughout this study in order to evaluate the degree of isotopic fractionation during the analysis. The instrumental parameters are summarized in Table 1 . The 65 Cu/ 63 Cu ratio data were obtained from 10 repeated analyses from separate ablation points. Background counts were corrected for by subtracting the background signal intensity of 63 Cu and 65 Cu obtained just before the isotopic ratio measurement of samples (gas blank). After a series of 10 repeated analyses, the operational conditions, such as the He and Ar gas-flow rates or lens biases, were retuned to maximize the signal intensity of 63 Cu, and then the background count rates of 63 Cu and 65 Cu signals were measured in order to test a possible drift in the background level due to the memory of sample particles in the diaphragm pump or transportation lines. This was followed by measurements of the background intensities of 63 Cu and 65 Cu signals for a further series of isotopic analysis. In the present analysis, there were no significant differences in the measured background count rates for both the 63 Cu and 65 Cu signals, demonstrative of the very small contribution of the memory in the system. In order to evaluate the repeatability of the 65 Cu/ 63 Cu ratio measurements, this analysis sequence was repeated three times for both the conventional and the low gas-pressure ablation cell. The resulting 65 Cu/ 63 Cu ratios for metallic Cu obtained from 10 separate ablation points are listed in Table 2 and plotted against the ablation point number (Fig. 6 ). In the case of the conventional atmospheric pressure cell, the measured 65 Cu/ 63 Cu ratio varied significantly, covering a range of 0.46 -0.54. The precision of the ratio measurement, estimated by calculating the standard deviation of 10 repeated analyses, was 6 -9% (2SD, n = 10). The resulting poor analytical precision in the 65 Cu/ 63 Cu ratio measurement was mainly due to the low signal intensity and the large contribution of the signal spikes (Fig. 5(a) ). In contrast, the resulting analytical precision achieved by the low 1199 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 gas-pressure cell led to a significant improvement of the isotope ratio measurement (1.8 -2.8%, 2SD, n = 10). Better analytical repeatability or precision in the 65 Cu/ 63 Cu ratio measurement can be attributed to the higher and more stable signal intensity of the Cu isotopes ( Fig. 5(b) ). More importantly, the relative deviations in the measured 65 Cu/ 63 Cu ratio, obtained by the conventional cell and by the low-pressure cell from the previously reported value ( 65 Cu/ 63 Cu = 0.4442), 43 were +12 and +4.5%, respectively. This demonstrates that the overall level of the mass discrimination effect through laser ablation, transportation, ionization and mass separation processes could be reduced by employing the low gas pressure cell device. The reduction in the level of the mass discrimination effect could be explained either by a smaller level of sample re-deposition around the ablation pit, or by a higher atomization/ionization efficiency in the ICP. Despite the obvious success in obtaining a higher analytical precision and a smaller degree of mass discrimination, the analytical precision of the 65 Cu/ 63 Cu ratio measurement (3%) was not comparable to that achieved with a conventional laser-ablation system for silicate rock samples (< 2%), even with the present low gas pressure cell device. As noted in the previous section, an obvious deterioration in the analytical precision for the 65 Cu/ 63 Cu ratio measurement could be attributed to a large contribution of the pneumatic pulsation of the carrier gas for the sample aerosols. Although the level of pneumatic pulsation can be reduced by employing the baffledtype stabiliser device, there still should remain oscillatory flow and injection of the sample particles into the ICP (Figs. 5(b) and (c)). In fact, signal intensity profile for 65 Cu obtained by the present low-pressure cell demonstrated a slightly poorer stability in the signal intensity (Fig. 5(b) ). In order to improve the stability and the precision in isotopic ratio measurements, a reduction in the pneumatic pulse induced by the diaphragm pump is needed. The diaphragm pump used in this study was a single-head type and, double head-type diaphragm pumps may provide better stability and analytical precision.
Conclusions
Fliegel and Günther first developed a unique laser-ablation cell for elemental analysis using ICPMS. 38 Despite the obvious success in achieving smaller elemental fractionation, mainly due to a much lower analytical sensitivity, the low-pressure cell did not become a common technique for LA-ICPMS. To overcome this, we have developed an on-line laser ablation cell for elemental and isotopic analyses using ICP-MS. Ambient gas in the cell was evacuated by a constant-flow diaphragm pump, and the pressure in the cell was controlled by the flow rate of the inlet-He gas. The present system setup allows an adjustment of the pressure in the ablation cell between 27 and 60 kPa. Laser ablation-induced sample particles were transported and directly injected into the ICP for on-line elemental and isotopic analyses. By real-time monitoring of the signal intensity, the operational settings, such as the cell pressure or the gas-flow rates, can be tuned and optimized by maximizing the signal intensity of specific analytes. The optimum cell pressure or He and Ar gas flow rates were different for the glass material (NIST SRM610) and metallic Cu (NIST SRM976).
In the case of elemental analysis of metallic samples using the LA-ICPMS technique, the precision of elemental ratio measurements has been significantly deteriorated, mainly because of poorer signal stability and the contribution of signal spikes. The production of signal spikes can be minimized by the present low-pressure cell, and the resulting precision of the 65 Cu/ 63 Cu ratio measurements was between 2 -3% (n = 10, 2SD). This was half the level obtained by atmospheric pressure laser ablation (6 -10%). Moreover, the measured 65 Cu/ 63 Cu ratio was 0.4975 ± 0.0007 (2SD) for the conventional cell and 0.464 ± 0.002 (2SD) for the low-pressure cell, suggesting a difference in the degree of the overall mass-discrimination effect through laser ablation, transportation, ionization and mass separation. In the present analysis scheme using the lowpressure cell, the relative deviation of the measured 65 Cu/ 63 Cu ratio from the previously reported value ( 65 Cu/ 63 Cu = 0.4442) 43 was +4.5%, which was significantly smaller than the deviation obtained with the conventional cell (+12%), demonstrating a reduction in the overall mass-discrimination effects. In this LA-ICPMS study employing the newly developed low-pressure cell device, smaller levels of sample re-deposition around the ablation pit and better stability in the signal intensity could be achieved, even when ablating unfavorable metallic samples, mainly due to their high thermal diffusion rate, are likely to exhibit signal spikes during laser ablation. Based on the data obtained here, the low-gas pressure technique has potential to become a cost-effective and significant tool for elemental and isotopic analyses of metallic samples.
